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This  memorandum  is  written  to:  inform  Laboratory  personnel  that 
ECAP,  a general  purpose  electronic  circuit  analysis  program,  is  avail- 
able for  their  use;  describe  this  program;  and  provide  instructions 
concerning  its  use.  Section  I is  a general  explanation  of  the  function 
of  the  program,  Section  J2  contains  a description  of  the  software  with 
which  the  ECAP  user  must  be  familiar,  and  the  step-by-step  computing 
procedure  is  detailed  in  Section  III.  Wherever  possible  in  Section  1^, 
examples  rather  than  lengthy  discussions  are  used  to  demonstrate  pTTSper 
procedure . 

p 

No  attempt  has  been  made  to  duplicate  completely  the  infprtMition 
in  the  ECAP  Operators  Manuals  references'^ s)  , ( b)  ,~and"('ff)^instead, 
an  attempt  has  been  made  to  present  sufficient  information  to  permit 
the  reader  to  program  circuit  analyses  after  reading  this  document. 

When  specific  problems  arise,  however,  the  Operators  Manuals  should  be 
consulted. 

\ SECTION  I:  PROGRAM  DESCRIPTION 

The  Electronic  Circuit  Analysis  Program  (ECAP)  is  a general  pur- 
pose program  which  allows  USL  engineers  to  utilize  the  computer  facil- 
ities at  the  Laboratory  to  analyze  electronic  circuits.  The  Internation- 
al Business  Machines  Corporation  and  the  Norden  Division  of  United 
Aircraft  Corporation  jointly  developed  ECAP,  and  TRW  Systems  converted 
it  for  use  on  USL’s  IBM  704  computer. 

ECAP  is  really  a combination  of  three  analysis  programs: 


(1)  a DC  Analysis  Program, 

(2)  an  AC  Analysis  Program,  and 

(3)  a Transient  Analysis  Program 


DISTRIBUTION  STATEMENT  A 
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resistors,  independent  voltage  sources,  dependent  current  sources,  and 
independent  current  sources.  The  computer  will  calculate  and  print  out 
all  the  voltages  and  currents,  power  dissipation,  worst  case  voltages, 
sensitivities,  and  standard  deviations  if  so  directed  by  program  control 
cards.  In  addition,  certain  intermediate  results  such  as  current,  im- 
pedance, and  admittance  matrices  will  be  printed  out  if  requested  by 
the  engineer.  The  circuit  parameters  may  be  modified,  permitting  the 
engineer  to  study  the  effects  of  component  variations  on  circuit  per- 
formance. 

Only  resistors,  capacitors,  inductors  (including  mutual  inductors), 
independent  voltage  sources,  independent  current  sources,  and  dependent 
current  sources  can  be  used  to  describe  a circuit  for  an  1C  analysis. 

This  program  will  compute  and  print  out  at  a single  frequency  all  volt- 
ages, currents,  element  power  dissipations,  current  matrices  and  admitt- 
ance matrices  if  so  desired.  As  with  the  DC  Analysis  Program  the  cir- 
cuit parameters  (including  frequency)  may  be  varied. 

The  Transient  Analysis  Program  requires  that  the  circuit  be  model- 
ed with  resistors,  capacitors,  inductors;  DC  independent  and  time-varying 
independent  voltage  sources;  DC  independent,  time-varying  independent 
and  dependent  current  sources;  and  logical  switches.  Circuit  parameters 
can  be  automatically  altered  when  branch  curronts  revexse  direction  through 
the  use  of  the  Logical  Switch.  With  the  Transient  Analysis  Program  all 
node  voltages  and  element  currents  are  printed  out  as  a function  of  time. 

ECAP  is  a very  useful  design  review  tool.  The  DC  Analysis  Program 
can  be  used  to  evaluate  DC  bias  currents  and  voltage;  determine  stress 
ratios;  perform  worst  case,  statistical,  or  sensitivity  analysis  of 
circuits.  A frequency  analysis  can  oe  conducted  by  use  of  the  AC  Anal- 
. ysis  Program  to  obtain  open-loop  frequency  response  data.  With  the 

Transient  Analysis  Program  and  piece-wise  linear  models  of  non-linear 
devices,  actual  circuit  performance  as  a function  of  time  can  be  duplicated. 
As  a result,  biasing  of  circuits  involving  non-linear  devices  can  be 
studied,  the  step  response  of  a circuit  can  be  analyzed,  rise  and  fall 
times  can  be  measured  and  the  output  of  a non-linear  circuit  for  various 
combinations  of  inputs  can  oe  computed  using  the  Transient  Analysis  Program. 

SECTION  II t PROGRAMMING  SOFTWARE 

The  USN/USL  ECAP  user  must  familiarize  himself  with  only  two  print- 
ed forms.  They  are  the  Compilation/  Check-Out/  Production  Request  and 
the  Fortran  Coding  Form  and  Data  sheet.  Both  axe  available  in  the  USL 
Computing  Center. 


The  Compilation/  Check-Out/  Production  Requests  properly  completed 
for  each  type  of  analysis,  axe  shown  in  figures  1,  2,  and  3.  Because  the 
request  form  is  returned  to  the  ECAP  user  following  the  execution  of  each 
analysis,  the  request  is  filled-in  only  once  for  each  type  of  analysis. 
The  information  for  items  1,  2,  U,  and  5 is  unique  to  each  RCAi  User; 
the  other  items  on  the  form  need  not  ue  altered. 
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Figure  4 is  a Fortran  Coding  Form  and  Data  Sheet.  The  information 
in  the  heading  is  self-explanatory  and  the  body  of  the  form  is  used  to 
describe  the  punched  cards  required  by  the  ECAP  user. 

The  punched  cards  necessary  to  utilize  ECAP  are  grouped  into  six 
categories: 

(1)  Time  Cards, 

(2)  Comment  Cards, 

(3)  Command  Cards, 

(4)  Data  Cards, 

(5)  Solution  Control  Cards,  and 

(6)  Output  Specification  Cards. 

Computer  Center  Personnel  punch  the  Time  Card  (see  figure  5)  from 
the  Compilation/  Check-Out/  Production  Request.  When  submitted  with 
the  program  deck,  it  will  be  retained  by  the  Computer  Operator. 

Comment  Cards  are  characterized  by  a C in  column  1 and  a message 
in  the  data  field  which  extends  from  column  7 to  column  72.  These  cards 
serve  no  useful  programming  function;  the  message  is  simply  reproduced 
on  the  output  data  sheet.  Cards  with  only  a C in  column  1 cause  line 
spaces  in  the  print-out. 

Each  analysis  program  deck  should  begin  with  Comment  Cards  which 
identify  the  output  data.  The  format  for  these  Identification  Cards 
has  been  established  by  the  author  and  has  proved  useful  to  the  author 
and  computer  center  personnel. 

Three  identification  cards  are  used: 

(1)  A Program  Description  Card, 

(2)  A Circuit  Description  Card,  and 

(3)  A Date  Card. 

The  information  for  these  cards  is  demonstrated  in  figure  6.  The 
first  card  identifies  the  program,  the  computer,  the  program  user,  his 
code,  and  his  extension.  The  circuit  Description  Card  identifies  the 
circuit  being  analyzed  and  the  third  card  Identifies  the  run  number, 
and  date. 

There  axe  five  cards  in  the  Category  Command  Cards.  They  are: 

(1)  AC  Analysis, 

(2)  DC  Analysis, 

(3)  Transient  Analysis, 

(4)  Execute,  and 

(5)  Modify  Cards. 

The  data  for  these  cards  is  shown  if  figure  7.  Only  one  Analysis 
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Card  is  used  per  program  deck.  Modify  cards  may  only  be  used  with  the 
AC  and  DC  Analysis  Programs.  An  Execute  Card  is  paired  with  the  Anal- 
ysis Card  and  every  Modify  Card. 

There  are  five  types  of  Data  Cards: 

(1)  B-Cards, 

(2)  T-Cards, 

(3)  M-Cards, 

(4)  S-Cards,  and 

(5)  Source  Cards. 

The  Standard  Branch  written  into  ECAP  is  shown  in  figure  8.  The 
directions  of  positive  currents  and  the  polarities  of  positive  voltages 
are  shown  on  the  figure.  Reversed  directions  and  polarities  must  be  in- 
dicated hy  negative  values  on  the  Data  Cards. 

The  B-Card  is  used  to  describe  the  initial  and  final  nodes,  the 
linear  element,  the  time-invarient  Independent  voltage  source,  the 
time-invarient  independent  current  source,  and  ini tied  conditions.  Fig- 
ure 9 demonstrates  the  relationship  between  the  B-Card  and  the  Standard 
Branch. 

The  Branch  number  is  written  in  columns  1 through  5 of  the  data 
card  and  the  remainder  of  the  data  must  appear  in  columns  7 through 
72.  The  node  numbers  are  put  on  the  data  card  in  sequence,  the  initial 
node  first.  Therefore,  the  directions  of  positive  currents  and  the 
polarities  of  positive  voltages  are  established  by  the  users  selection 
of  the  initial  node.  Ground  nodes  are  assigned  the  number  0.  Follow- 
ing the  node  numbers  the  parameter  values  appear  separated  by  commas. 
Initial  conditions  (i.e.,  voltage  across  capacitors  and  currents  through 
inductors  at  the  initial  time  of  a Transient  Analysis)  are  established 
by  E0  and  10  statements.  Note  that  any  Fortran  coding  of  numbers  is 
acceptable  to  describe  parameter  values.  For  those  not  familiar  with 
the  coding  of  scientific  notation,  1.2  x 10J  is  written  in  Fortran  1.2  E3. 

The  T-Card  describes  the  dependent  current  source  in  each  brmch. 

Like  the  B-Card,  Columns  1 through  5 are  used  only  for  the  number  of  the 
dependent  source.  The  control  and  source  braich  numbers,  in  that 
order,  and  the  current  gain  which  relates  the  element  current  of  the 
control  branch  to  the  source  current  appear  in  the  data  field.  Examples 
of  the  use  of  the  T-Card  may  be  found  in  figure  10. 

The  mutual  inductance  between  two  branches  containing  inductors  is 
described  by  the  M-Card.  The  format  of  this  card  is  similiar  to  that 
of  the  T-Card.  However,  the  order  of  the  branch  numbers  is  unimportant. 
The  application  of  M-Cards  is  demonstrated  in  figure  11. 

The  logical  switch  operation  is  controlled  by  the  S-Card.  Like 
the  other  cards  discussed  so  far,  the  S-Card  number  is  put  in  columns 
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1 through  5.  The  element  current  of  a branch  is  sensed  and  when  that 
current  is  zero  or  negative,  the  switch  is  off;  when  the  current  is 
positive,  the  switch  is  on.  As  the  state  of  the  switch  changes,  the 
values  of  circuit  parameters  may  be  changed.  Look  at  the  Fortran  state- 
ment for  the  S-Card  in  figure  12.  The  S-Card  causes  the  element  current 
of  branch  2 to  be  sensed.  When  the  current  changes,  branches  2,  3,  and 
4 will  be  affected.  Initially  the  state  of  the  switch  is  off  (i.b. , the 
current  in  branch  2 is  zero  or  negative).  With  SI  in  the  off  state, 
the  resistance  of  branch  2 is  500,  the  capacitance  of  branch  3 is 
2*f,  and  the  beta  of  the  dependent  current  source  is  100.  When  SI 
goes  on  (i.e.,  branch  2 current  goes  positive),  the  resistance  of 
branch  2 goes  to  550.A,  the  capacitance  of  branch  3 goes  to  3^f,  and 
the  beta  of  T1  goes  to  125.  Note  that  the  beta  of  T1  is  altered  by 
having  the  switch  action  affect  branch  4 (the  control  branch),  not 
branch  1 (the  source  branch).  Should  the  current  return  to  zero  or 
go  negative,  the  parameters  would  return  to  their  initial  values. 

To  describe  time-varying  independent  voltage  and  current  sources, 
three  types  of  Source  Cards  are  used: 

(1)  Non-Periodic, 

(2)  Periodic,  and 

(3)  Sinusoidal. 

The  Non-Periodic  Source  Card  data  is  shown  on  line  2 of  figure  13. 
Columns  1 through  5 of  the  card  define  the  type  of  source  (current  or 
voltage)  and  the  number  of  the  branch  in  which  it  is  positioned.  In  the 
data  field,  the  number  of  time  steps  between  changes  in  source  values 
appears  in  parentheses,  4nd  the  voltages  or  currents  at  each  incre- 
ment of  time  beginning  at  start  time  appear  separated  by  commas.  The 
Time  Step  on  line  3 indicates  the  interval  at  which  circuit  perform- 
ance is  computed.  A linear  change  in  amplitude  between  time  increments 
is  assumed  and  the  value  of  the  final  entry  is  maintained  until  final 
time  is  reached.  The  number  of  voltage  entries  is  limited  to  126. 

Figure  14  demonstrates  a Periodic  Source  Card.  Except  for  the 
addition  of  a P in  the  data  field  to  designate  a periodic  function, 
the  data  entries  are  identical  to  those  of  the  Non-Periodic  Source 
Card.  The  first  and  last  value  of  voltage  or  current  should  be  equal 
because  the  function  is  periodic.  As  for  the  Non-Periodic  source  the 
maximum  number  of  entries  is  126. 

A Sinusoidal  Source  Card  is  described  in  figure  15.  Columns  1 
through  5 are  used  to  describe  the  type  of  source  and  branch  number 
as  with  the  Non-Periodic  and  Periodic  Source  Cards.  In  the  data  field, 
however,  SIN  is  used  to  indicate  that  a sinusoidal  source  is  desired 
and  the  period  in  seconds  is  put  in  parentheses.  The  peak  value,  the 
DC  average  value,  and  the  initial  time  shift  follow,  separated  by 
c ommas . 
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For  an  AC  Analysis,  B-Cards,  T-Cards,  and  M-Cards;  for  a DC 
Analysis,  only  B-Cards  and  T-Cards;  and  for  a Transient  Analysis, 

B-Cards,  T-Cards,  S-Cards,  and  Source  Cards  are  used. 

Continuation  Cards  may  be  used  if  the  data  is  in  excess  of  the 
data  field  of  one  card.  A Continuation  Card  is  characterized  by  an 
asteric  in  column  6.  The  data  field  of  the  Continuation  Card  can 
then  be  considered  an  extension  of  the  previous  Data  Card. 

The  number  of  Data  Cards  is  limited  to: 

200  B-Cards  (limited  to  50  inductors  if  M-Cards  are  used) 

200  T-Cards,  and 

200  S-Cards. 

In  addition,  the  circuit  must  contain  no  more  than  50  nodes. 

The  data  cards  used  with  Modify-Execute  Card  pairs  have  a mod- 
ified format.  First,  the  data  field  of  the  card  need  only  describe 
the  parameter  to  be  changed.  Second,  multiple  variations  of  a parameter 
may  be  written  into  one  statement  which  defines  the  initial  value,  the 
number  of  steps  (in  parentheses),  and  the  final  value.  Examples  of 
these  Data  Cards  can  be  found  in  figure  16.  No  more  than  50  para- 
meter changes  in  one  parameter  modification  are  allowed. 

Solution  Control  cards  are  unique  to  the  type  of  Analysis  being 
performed.  Figures  17,  18,  and  19  lists  the  Fortran  statements  for 
Solution  Control  Cards. 

If  the  AC  Analysis  Program  is  being  used  there  is  only  one 
Solution  Control  Card  and  this  card  must  appear  in  the  program  card 
deck  to  specify  frequency.  When  the  Fmquency  Card  is  used  to  control 
the  initial  computation,  only  one  value  of  frequency  may  be  specified. 
When  the  Frequency  Card  is  used  with  a Modify-Execute  Card  Pair,  a single 
value,  and  arithemetic  progression,  or  a geometric  progression  may  be 
specified.  See  figure  17.  For  an  arithmetic  progression  the  ini tied 
value,  the  number  of  evenly  spaced  steps,  and  the  final  value  are 
written.  The  number  of  steps  must  appear  in  parentheses  with  a plus 
sign.  For  a geometric  progression,  the  ratio  is  specified  in  parent- 
heses instead  of  the  number  of  steps.  The  lack  of  a plus  sign  indicates 
a geometric  progression. 

Three  Solution  Control  Cards  may  be  used  if  a DC  Analysis  Program 
is  in  use.  If  the  Sensitivity  Card  appears  in  the  card  deck,  the 
partials  and  sensitivities  of  each  node  voltage  with  respect  to  each 
resistance,  beta,  and  source  value  is  computed  and  printed  out.  If 
the  Worst  Case  Card  appears  in  the  deck,  the  worst  case  minimum,  worst 
case  maximum,  and  nominal  node  voltages  for  each  node  specified 
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on  the  Worst  Case  Card  are  printed  out.  If  no  node  numbers  are  written 
all  node  voltages  will  be  printed  out.  For  this  computation  the  minimum 
and  maximum  values  or  the  tolerances,  in  addition  to  the  nominal  para- 
meter values,  must  be  specified.  See  figures  9 and  10  for  examples  of 
how  to  specify  the  extremal  values.  The  Standard  Deviation  Card  causes 
the  standard  deviation  of  each  node  voltage  to  be  printed  out.  For  this 
computation,  the  *3  standard  deviation  values  of  the  circuit  parameters 
are  specified  with  the  same  format  that  the  minimum  and  maximum  values 
are  specified  for  a Worst  Case  Analysis. 

When  the  Transient  Analysis  is  being  run,  ten  Solution  Control 
Cards  may  be  used.  See  figure  19.  The  Time  Step  Card  must  appear 
in  every  transient  analysis.  However,  if  any  of  the  other  9 cards  are 
omitted,  the  values  listed  in  figure  20  are  assumed.  The  Output 
Interval  Card  specifies  the  number  of  Time  Steps  between  data  print- 
outs. When  the  Equilibrium  Card  is  entered  in  the  card  deck,  a solution 
is  obtained  with  the  inductors  in  the  circuit  replaced  by  short 
circuits  and  capacitors  by  open  circuits.  The  values  of  open  and 
dort  circuits  are  specified  with  the  appropriate  Solution  Control  Cards. 
The  1-ERROR,  2-ERROR,  and  3-ERROR  Cards  control  the  acceptable 
magnitude  of  the  sum  of  the  nodal  current  unbalances,  the  accuracy  of 
the  switch  accutation  time  printed  out,  and  the  value  of  the  time 
steps  immediately  after  an  initial  condition  solution.  Reference  (a) 
should  be  consulted  if  it  is  desired  to  use  these  ERROR  cards. 

The  Output  Specification  Cards  allow  control  by  the  ECAP  User 
of  the  data  printed  out.  See  figure  21. 

For  the  AC  and  DC  Analysis  Progzaas: 

(1)  node  voltages  (NV)  (VOLTAGES), 

(2)  element  voltages  (CV), 

(3)  branch  voltages  (BV), 

(4)  element  currents  (CA), 

(5)  branch  currents  (BA), 

(6)  element  power  dissipation  (BP),  and 

(7)  miscellaneous  outputs  (MI)  (MISCELLANEOUS) 

can  be  printed  out.  The  various  voltages  and  currents  are  designated 
on  the  diagram  of  the  Standard  Branch  (figure  8).  Element  power  is 
the  product  of  element  voltage  and  element  current.  Miscellaneous 
outputs  are  current  and  impedance  matrices  for  AC  Analyses;  «nd 
admittance,  current,  and  impedance  matrices  for  DC  Analyses. 

For  the  Transient  Analysis  Program,  the  only  data  permitted  to 
be  printed  out  is: 

(1)  node  voltages  (NV)  (VOLTAGES)  and 

(2)  element  currents  (CA)  (CURRENTS). 
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SECTION  Ills  COMPUTING  PROCEDURE 

The  author  recommends  the  computing  procedure  established  in 
this  section  of  the  memorandum.  Although  other  procedures  will  work 
as  well,  the  author  has  demonstrated  that  delays  and  errors  are 
minimized  by  following  the  steps  outlined  here. 

To  demonstrate  the  suggested  computing  procedure,  the  bias, 
frequency  response,  and  response  to  a square  wave  of  the  circuit 
diagramed  in  figure  22  will  be  determined.  The  X circuit  will  be 
subjected  to  a Transient  Analysis  to  determine  bias  conditions;  the 
worst  case  bias  conditions  will  be  determined  using  the  X Analysis 
Program  once  the  nominal  bias  conditions  have  been  established;  the 
frequency  analysis  will  be  performed  on  the  circuit  with  the  AC 
Analysis  Program;  and  finally,  the  Transient  Analysis  Prograr  will 
be  used  to  determine  the  step  response  of  the  circuit. 

Figure  23  is  the  ECAP  X £ircuit  Diagram.  This  diagranis  drawn 
directly  from  the  Standard  Circuit  Diagram  (figure  22)  and  differs 
very  little  from  a standard  dc  equivalent  circuit.  Note,  however, 
that  care  has  been  taken  to  arrange  the  circuit  elements  such  that 
a Standard  Branch  (figure  8)  appears  between  every  pair  of  nodes,  to 
indicate  the  direction  of  element  currents,  and  to  number  the  nodes  and 
branches  using  consecutive  numbers.  Ground  nodes  are  numbered  0. 

Models  for  non-linear  devices  should  be  carefully  selected.  There 
is  no  one  model  which  meets  all  applications.  This  is  especially  true 
of  transient  models.  The  author  urges  each  ECAP  user  to  select  a model 
which  duplicates  with  sufficient  accuracy  the  parameters  which  have  the 
greatest  effect  on  the  particular  outputs  desired.  The  models  in 
figures  24  and  25  were  carefully  chosen  to  be  only  as  sophisticated  as 
they  need  be.  Because  they  duplicate  the  Vbe-IB  and  VqE-Ic  character- 
istics of  the  2N930  type  transistor  with  sufficient  accuracy  to  deter- 
mine the  bias  points,  the  complex  models  in  figure  24  were  selected. 
However,  the  simple  models  diagramed  in  figure  25  adequately  represent 
the  V-I  characteristics  once  the  nominal  bias  points  have  been  deter- 
mined. Tie  values  of  the  parameters  (voltage  and  resistance) in  branches 
9 and  11. are  based  on  the  results  of  the  analysis  using  the  models  in 
figure  24. 

To  document  the  ECAP  Data,  a Compilation/  Check-Out/  Production 
Coding  Form  and  Data  Sheets  must  be  filled  in.  Figures  26  and  27 
show  the  Fortran  sheets  completed  for  the  Transient  Analysis  of  the 
X Circuit.  Note  the  difference  between  the  letter  0 and  the  number 
0,  the  letter  I and  the  number  1. 

To  expedite  the  computation,  the  computer  center  personnel  are 
assisted  by  the  ECAP  user.  The  completed  forms  are  brought  to  the 
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Card  Punch  Operators'  Room  where  they  are  date-stamped  and  left.  The 
ECAP  User  Is  called  when  the  cards  have  been  punched  and  verified. 
Usually,  this  takes  one  day.  When  the  user  is  called,  he  returns  to 
the  Card  Punch  Room  to  receive  his  original  forms  plus  the  punched 
cards.  The  cards  are  then  assembled  in  the  proper  order: 

(1)  Time  Card 

(2)  Identification  (Comment)  Cards, 

(3)  Analysis  (Command)  Card, 

(4)  Data  Cards, 

(5)  Solution  Control  Cards, 

(6)  Output  Specification  Card, 

(7)  Execute  (Command)  Card, 

The  cards  are  then  submitted  to  the  Computer  Room  with  the  Compilation/ 
Check-Out/  Production  Request  in  front  of  the  deck  under  the  elastic 
bahd.  The  Production  Log  is  filled-in  as  shown  in  figure  28  and  the  card 
deck  is  put  in  the  "Production"  box  located  in  the  Computer  Center. 

The  output  data  will  usually  be  available  in  4 hours. 

The  output  data  for  the  Transient  Analysis  of  the  DC  Circuit  may 
be  found  in  Appendix  A.  The  voltages  are  recorded  on  the  ECAP  DC 
Circuit  Diagram  in  figure  23. 

Once  the  bias  points  have  been  determined,  the  dc  transistor 
models  shown  in  figure  25  result  and  a Worst  Case  DC  Analysis  can  be 
run. 


Once  again  a Request  Form  (figure  2)  and  a Coding  Form  (figure  29) 
are  completed  and  submitted  to  the  Key  Punch  Operators,  When  the  punched 
cards  are  returned,  appropriate  cards  from  the  Bias  Point  Analysis 
are  used  to  assemble  a deck  which  results  in  the  statements  appearing 
on  page  B-l  of  Appendix  B.  A check  should  be  made  to  Insure  that  the 
cards  are  in  the  proper  order.  The  extra  cards  required  for  data  mod- 
ifications are  put  in  the  following  order: 

(1)  Modification  (Command)  Card, 

(2)  Data  Cards,  and 

(3)  Execute  (Command)  Card. 

The  dc  output  data  appears  in  Appendix  B. 

Knowing  the  bias  points,  the  ECAP  AC  Circuit  Diagram  (figure  30) 
and  the  Transistor  Model  Diagrams  (figure  31)  are  drawn.  An  AC  Analysis 
Request  Form  (figure  1)  is  completed  and  the  circuit  data  is  transferred 
to  the  Coding  Forms.  Modification  of  AC  Analysis  data  require  that  the 
extra  cards  be  put  in  the  following  order: 

(1)  Modification  (Command)  Card, 

(2)  Data  Cards, 
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(3)  Frequency  (Solution  Control)  Card,  and 

(4)  Execute  (Command)  Card. 

The  input  data  statements  and  the  output  data  appear  in  Appendix 
C.  The  output  data  is  plotted  in  figure  32. 

To  determine  the  response  to  a step  input  function,  a transient 
analysis  was  run.  The  Transient  Circuit  Diagram  and  Transistor  Models 
are  shown  in  figures  33  and  34  respectively.  The  input  step  is  shown 
in  figure  35.  The  input  and  output  data  are  recorded  in  Appendix  D. 

The  output  response  data  is  plotted  in  figure  36.  It  should  be  noted 
that  the  initial  voltage  across  each  capacitor  is  specified  in  the 
input  data.  In  addition,  it  should  be  noted  that  is  was  necessary  to 
exclude  from  the  transient  analysis  the  60  microfarad  capacitor  in  the 
power  supply  isolation  network.  Until  this  was  done  the  accuracy  of 
the  current  computations  at  node  5 was  inadequate. 

SUMMARY 

This  memo  was  written  to  introduce  the  Electronic  Circuit  Analysis 
Program  to  the  reader.  The  author  in  no  way  pretends  that  this  memo 
thoroughly  covers  the  use  of  ECAP.  On  the  other  hand,  it  is  hoped  that 
after  reading  this  memo,  most  engineers  will  be  able  to  utilize  the 
available  computational  tool  without  reading  the  IBM  ECAP  Users  Manual 
(Reference  (a)  ).  However,  if  and  when  problems  arise,  or  when  addition- 
al information  is  needed,  the  appropriate  reference  or  references 
listed  in  this  memo  should  be  consulted. 

ECAP  is  a complex  analysis  program,  especially  useful  as  a design 
review  tool.  Breadboarding  can  be  minimized  or  eliminated  with  proper 
use  of  this  program. 
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FIGURE  21 ■■  OUTPUT  SPECIFICATION  DATA 
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FIGURE  Zl  STANDARD  CIRCUIT  DIAGRAM 
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FIGURE  24  : TRANSISTOR  2N330  TRANSIENT  MODE  IS 


FIGURE  25-  TRANSISTOR  2N930  DC  MODELS 


FORTRAN  COOING  FORM  AND  DATA  SHEET 
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REQUESTOR 


Job  Eat.  Requestor  Rttirki 
Cod*  (him) 


Lees  than  1 hour 


OPERATOR 


FIGURE  28  PRODUCTION  106 


FORTRAN  COOING  FORM  AND  DATA  MEET 
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VOLTS 


DEMONSTRATION  AMPLIFIER 


TIME  IN  MICROSECONDS 
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APPENDIX  A 

C ECAP.  15'-’  7C4,  A FILIPPIMI*  CODE  934,4,  X 47n 
C DEMONSTRATION  AMPLIFIER 

C FIAS  ANALYSIS 

C RLN  1,  30  JLNE  1966 

c 

TRANSIENT  ANALYSIS  0680 

c 

C TLE  circuit  elements 

B1  M ( 1 »c ) *R=390E3 

B2  N'(4,l)  ,R*1CCF3 

B3  N(A,0) ,Rs2,2F3 

B4  N (2«C) «Rsa?E3 

65  M5 *3 ) ,R»47E3 

B6  Nt0»5),R*220 


E6  ( 1 ) »C  *25 

C 

C Cl*  2N930 

B9  N ( 1 ,8 ) «R*  1 

BIO  N (8  *2) *R« «10E6*23.3E3) »E»-0,55 

51  9*10* (10) «CPF 

Bli  N (8 ,2) *R«(10E6,5.25E3) »E*-0,62 

52  9*11, (11> *CFF 

612  N (8  »2) ,R*<10E6,3,74E3)  ,E*-0,65 

53  9*12,  (12) «CFF 

67  N (6,2)  ,R* 100 

B 1 3 N (6 ,3) *R* ( 2 E 6 , 1 ) 

54  6*13, (13) , OFF 

B14  M ( 3 *6 ) ,R*2E6 

T1  e<9,14) ,0ETA*2OC 

c 

C C2*  2N930 

B15  N (3,9)  ,«*l 

B16  N ( 9 • 4 ) ,R* ( 10E6 ,23*  3E3 ) ,E*-0.55 

55  B*16,(16) ,OFF 

BIT  N (9,4) *R* ( 10E6  *5»25E3) *E*-0,62 

56  e*17, (17)  ,OFF 

BIS  N(9*4) *R«(10E6,3*74E3) ,E*-0.65 

ST  e*18, (18)  ,CFF 

B8  N (7,4) ,R*100 

B19  N (7,5) *R* ( 2E6  * 1 ) 

58  B*19,(19) ,CFF 

B20  N (5  *7) *R*2F6 

T2  B (15,20) ,BETA*20C 

C 

TIME  STEP* IE-6 
FINAL  TIME«lE-6 
PRINT, VClTAGES 
EXECLTE 


T * 0, 

NODES  VCLTAGES 

1-  4 -0.15363346E-01  -0.44727C94E-00 

5-  8 0.45265925E-02  -0,4482 1733E-00 

9-  9 C.45212413E-00 


A -I 


T s 0.2929CP7E-08 


NCDES  VCLTAC-FS 

1-  4 -C.97963133E-02  -0.44292166E-00  0.51959760E  00 
5-  8 0 • 770<.Ch  17E-0 1 -0.44385883E-00  -0. 1P2R1Z65E-01 
9-  9 C *51999784 E QO 


SWITCH  5 IS  CN 


[ 

T « 0.29296S7E-08 

NCDES  VCLT4GFS 

1-  4 -C.15550389E-01  -0.4465 1 127E-00  0.52468302E  00 

5-  8 C.777S6634E-01  -0.44745601E-0C  -0.25886927E-01 

9-  9 C.52468309E  OC 


T ■ 

0.3311443E-07 

NODES 

1-  4 

5-  8 

9-  9 

VCLTflGFS 

0.32121038E-00  -0.22741430E-00 
0 .7?8fc 1659E  00  -0.227R9641E-00 
C.97297714E  OC 

0.97287805E  00 
0.41893829E-00 

SWITCH 

1 IS  CN 

T « 

0.3311443E-07 

NODES 

l-  4 

5-  8 

9-  9 

VCLT4CES 

0.32167733E-00  -0.22825555E-00 
C.78R56195E  00  -0.22973920E-00 
0.9*3486555  OC 

0.97348746E  00 
0.41954306E-00 

T 9 

0.1058197E-06 

NODES 

vcltac-fs 

1-  4 

0.10229366E  Cl 

0.47Q79632E-00 

0.19096031E 

01 

5-  8 

C.25136025E  01 

0.47179047E-00 

0.134P6478E 

01 

9-  9 

C.19096002E  01 

SWITCH 

6 IS  CN 

T 

= 

C.1C59197E-06 

NODES 

VCLTAGFS 

1- 

4 

0. 10227O65E 

01  0.47065694E-00 

0.19097744E  01 

5- 

8 

0.25194!54E 

O'  0. 471650796-00 

0.13484622E  01 

9- 

9 

C. 19C97715E 

01 
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-0.17481074E-01 

-0.97962613E-02 


-0.24756540E-01 
-0. 15550837E-01 


0.40073721E-00 

0.32121041E-00 


0.40131570E-00 

0.32167736E-00 


0.12900408E  01 
0.10229366E  01 


0.12898630E  01 
0.10227965E  01 


A - 2 
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T = 0#3511953tr_C6 
NCCES  VCLTACF.5 

1-  4 C.34408t.93E  01  0.2H3H011E  01  0.50044944E  01  0.43544181E  01 
5-  8 Ct832P7373E  01  0.28871907E  01  0.45522577E  01  0.34408685E  01 
9-  9 0.50044745E  01 


SWITCH  7 IS  CM 


T s C.3511953F-06 
NCCES  VCLTflC-F5 

1-  4 C.34408967E  01  0 , 2H8 1 1 305E  01  0.50044453E  01  0.43544535E  01 
5-  0 0# 83237443E  01  0.28872201E  01  0.45522960E  01  0.34408964E  01 
9-  9 C«50044554E  01 


T * 1.CC000C0E-06 


NODES 
1-  4 

5-  S 
9-  9 


VCLTAC-E 

C.935142C2E  01 
0.23702452E  0? 
C.131661C7E  0? 


0.92714269E  01 
0.92910255E  01 


C.13166136E  02  0.12478881E  02 

0.13045865E  02  0.98514194E  01 
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APPENDIX  B 

c K-'f'i  ’p  7r/,»  a Fn.rPr’!*’l«  rcrt  914. 4.  x 470 
C PF.»  C^'STRATfCt  A(/PlIF*FP 

C ru  1 . 1?  jl  1 Y 1^6# 

C 

rc  Af.'Al.Y  S J S 0 479 

c 

C Tf-r  C ! cCl ' T T FlFVFNTS 

PI  M1«0)  •P«39CE3(.C2) 

P2  N(4*l> »«s1P0F3(.C1) 

03  F (4  ip)  *P»2.2>  3 ( •<'2' 

P4  N (2*0)  •*s47E3(.C2> 

P5  A (5»3) •»*47f3(.o?) 

P 6 P CO e«5 ) *R*220  ( .02>  »F*?5 

C 

e ci»  2^30 

09  Ml«2)  *Rs23.3E3*E=-0,54 

67  r (6*2) »Rs  1 PQ 

P10  4 (3*6) *R=lFfc 

T 1 P (9*10) *Pf TAs2CC 

C 

C C2.  2N93P 

Bll  P(3*4) *R#2F3,Es-.6’ 

68  N ( 7 * 4 ) *R« 1 0C 

612  N ( 5 ♦ 7 ) «R  = lFfc 

T2  Pdl.12)  *MFTAs200 

C 

V.CRST  CASf  *1*2*3  *4  *5 

PR1NT*CLPRFNTS*HP 

fxeclte 


ELCPtNT  CURRENTS 


BRANCI-FS 

1-  4 

5-  P 
9-  12 


CURRENTS 

C.?^??9929e-04 
C.?24«i6np7F.Ci 
0*942191 31E-04 


0*242021  31  E**04 
0.5P878519E-02 
0.19429779E-03 


0.566,53870e-02  0 . 1 9725ft5«E-°3 
0.196?9?39E-03  0 ,56632851 E-02 
0.2P262797E-04  0.56632339E-02 


ELEMENT  PC,*ED  LC^SPS 


BRAN'CI-FS 

1“  4 

b.  P 

n-  12 


PC^EP  I.CSSFS 
0*?4fi45l07E-03  0 • 

0 .2’7O09fc4E->°2  0, 

0.21 971422E-07  0. 


4«655l6»E-0* 

74246q59E.02 

71741491E-03 


O.7O6H 798E-01  0.1828814SE-02 
•'.3P53O709E.05  0.32072799E-02 
O.I49757UE-O5  0.60452522E-01 


fcCRST  CASE  SCLLTtC(  S fCR  F'CCF  VCI.TAgFS 


NCDE 

hCNTK 

r*C  v f 4' al 

WCf'Ay 

l 

C.9*l9l443F 

01 

0*9A43472!}F 

01 

0*1 OOfql 5 1 E 

02 

2 

C#q044P474F 

Cl 

0.9271 1 534f 

01 

0 , 94  94^,3  3 3E 

01 

3 

C.129P4C  a *F 

02 

0.1315031  IF 

02 

0.1  7417457E 

02 

4 

C,12i9744f-F 

C? 

o,1  24ft77RbF 

02 

0,1  ??7f)R35E 

02 

5 

C. 27ft3P74?C 

C? 

0.2370/.672E 

02 

O.737728O9F 

02 

B -I 


d 
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crrrf-y 

Tl  FUTAslSC 

T2  PFTAsl^n 

FXFCITF 


ELE^f  ,'.t 

ci.opr>T$ 

BRANCF-Fc 

cippfnts 

1-  4 

0.?4767275e-0«V 

0.26021074E-04 

5.  p 

0.2?P947fi<5E-f'3 

0.57912912E-02 

9-  12 

P. 1253P192E-0? 

0.19193902E-03 

ELEVEN T PCuER  LC?sf 5 

BRANCt-FS  PC  EP  I C^SFS 

**  u 0.23923299E-03  ' 0«(S77P<J62B£-04 

5-  * C,?<,*36P56E-0?  0,737A5920E-02 

9"  1?  C»3*>6?9C57E-07  0.74206451E-03 


0.55733385 p-02 
0.19193649E-03 
".37009779E-04 


0.AP336A25E-01 
0 * 368  396 l AE-05 
0.27396474E-05 


0.19319198E-03 

0.55623434E-02 

0.55623750E-02 


0,l754lA77E»02 

0.30939665E.02 

0.60676259E-01 
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C KAP*  1 fif ' 7fi<,.  A FTLTPniMJ  • CODE  934. 4*  X 470 
C PE^CNSTMATICN  AyPu T F ! ER 

C RlN  1*  13  JLLY  1966 

c 

AC  ANALYSTS  0670 
C 

C THE  CIRCUIT  ELEMENTS 

B 1 Ml  *0)  «R=390E3 

B2  F (4*1) *R»1P0E3 

83  M4*0)  *R»2.2c3 

B4  M2*0)  «Re47F3 

65  N (5*3) *R847E3 

66  M0*5)»R*220 

P7  N (0*6) »R«10E3*E»1 

68  M6»l)«C=lE-6 

B9  M4«l)  «C«47E-12 

BlO  M2*0)  *C»4.7E-6 

Bil  M5*0)  *C«60E-6 

C 

C Cl*  2N930 

B12  M 1 *7)  *R«600 

813  N(7*2)»R«150 

814  M3*7)*R«lE6 

T1  P(12.14) *BETA«170 

815  h (1.3)  .C«9E-12 
C 

C C2»  2N930 

616  M3»0)«R*6OO 

817  K(8«4)«R>6 

810  M5*8>*R*1E6 

T2  PI16.10) *PFTA*220 

B19  N (3*5)  »C*9E»12 

C 

FRE0UENCY.1E3 
PRINT  tVCLTAGES 
EXECUTE 


FREO  « 0.99999999E  03 


ncces 

NODE  VOLTAGES 

PAG 

1-  4 

0.351937UE-01 

^.75729779E-02 

O.95O0flg4OE 

01 

0.94705U1F 

01 

pha 

-0.12766499E  02  -O.9O?90733E  02 

0.17943960F 

03 

0. 17943946E 

03 

PAG 

5-  0 

O.11O0O429E-O1 

0.41701452E-01 

0.343o5122F*01 

O.94969H2F 

01 

Pha 

-P*P9036028F  02  -0. 3370*266F  02 

-O.I3O59527P 

02 

0.17943956F 

03 
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►'cr  irv 

FRFCl.E'  CVS.  1 (2)5? 

FXFCLTF 


frfc  = C.99990099F.01 


NCHE?  hCCE  voltages 

VAC'  1-  A O.?9o2!  33pF-ol  0.29P23735F-01  0.?Ar^4A?AF-Ol  0.24831239E-01 

PHA  C.R473P354F  0?  P,P471?443F  02  -0.P7310762F  02  -0.87309933F  02 

VA(,  5-  A C.24A2«855f-0?  0.9997o306f  00  0 • ?9*5 1 P9?0F-0l  0. 2490222b£-01 

PHA  C.92O06992F  02  -0.36900725F-00  0.O4737742F  02  -0.87310503F  02 


FREC  = 0.2000000CF-00 


NCCES  ncoe  VOLTAGES 

VAG  1-  4 0.*9ifcAl53F-Ol  0,5P973136F-0 1 0.50*91 719F-01  0.50482222F-01 

PHa  0.795525C1F  02  o,7q500675F  02  -0.o4°37r02E  02  -0.84836232E  02 

VAG  5-  8 0.49997230r-02  0,999l899<*F  00  0 .59 1 6 t 371 F-0 1 0.50626349E-01 

PHA  C.93P, I9924F  02  -0.71223165F  OC  0.-»95M274f  02  -0.84R37313E  02 


FREC  « 0.3999Q999F-0C 


VC0E5  f'OOE  voltages 

VAG  l-  4 0.1 1331765E-00  o. l 1294783E-00  0 . 1 07 i 071 6F-P0  0. lOf 66637F-00 

PHA  0.69677C76F  02  0.69573427E  02  -O.Pll23766?  02  -0.R112U97E  02 

VaG  5-  8 0.tC5l?6l0F-ol  O.997OU95F  00  0. 1 1 330fl4pF-00  0. 106969620-00 

PHA  0,96330763f  o2  -0.13P2P718F  01  0.69*74623?  02  -0,8112296*?  02 


FREC  * 0.79799O99f  OC 


NC0E5  NCOE  VOLTAGES 

VAC  1-  4 0.196375P4F-00  o, 1 957P395E-00  0 . 242926?20-O0  0.241934610-00 

PHa  ".*i20P6436F  02  0,5?779l37F  02  -0.7P7P9926F  02  -0.7878*9130  02 

5-  p C.?7a0391?O-o1  O.cgOpflpi 3F  oo  0.1 9**->99lF-O0  0,242616810-00 
0. 96641030c  02  -0,7534371  1 ? 01  0.*’QplsBlr  02  -0. 70788990?  02 


VAC 

pha 


c-z 


FRfcK 


r.ifcf'crrorF  01 
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fCCE*  f-crF  vpltao.es 

PAG  1-  4 P.?7763262F-O0  0.?7F>7l977F-00  0.*M 003??p  00  0.55872971E  00 

PHa  0,3lfl7273F  o?  f'.31?2?6«»3E  02  -0.p?3?15°7F  ft2  -O.02319245E  02 

PAG  5-  p 0.*374*>p3AF-o1  r>.9q070297F  00  0,277f O9A5F-00  O.56O29302F  00 

PHA  0.e<j«j7lCPU  02  -0#4399?455F  01  0431*?7464f  02  -0.82320B01E  02 


FRE.G  * 0.3199f)'>oqr  pi 

NCCES  VOLTAGES 

MAG  1-  a O.31833C18F-00  n.7i72*8fc7F-00  0. 1 70T4625e  0]  O.I2O25844F  01 

PHa  C.12C858AfF  02  O.U2567O9F  02  -0.90231 IT9E  02  -O.9O229808E  02 

PAG  5-  8 0.1  1244901E-O.0  o.9fegiP606E  00  0.31 P30298F-00  0.12059*04F  01 

PhA  C.74438402F  02  -0.77384997F  01  0.1?o6^23lp  02  -0.90230775F  02 


FREC  * 0.63999P99F  01 

ncces  nocf  voltages 

PAG  1-  4 C.3?7AtCl5P-00  0.321?6407f-00  P.24303340F  01  0.242052ft4E  01 

PpiA  -C.44P8636PP  Cl  -0.61465853P  01  -0.10040769^  03  -0#10060703f  03 

pAG  5-  8 0.2O67p278F-o0  0.94485337E  00  0.32241 0O4F-OO  0.242727S1F  01 

PHA  0.51372855P  o2  -0,l46l3809E  02  -O ,4S?7«639F  01  -0.10060748F  03 


FREC  » 0.12799999F  02 

PCFES  NCOE  VOLTAGES 

PAG  1-  4 P.29977<j98F-oo  n.29?3?9P9E-P0  0,*M51709e  ol  0.44969501E  01 

PHa  -O.2U2O170F  02  -0.24Q33373E  02  -0 . 1 1 S7<,2P7F  03  -O.U5742S4r  03 

PAG  5-  8 C.?qH59l27F-0P  0.nfc4207S6F  00  0.?9,7»PP9F-O0  0.45O948S7F  01 

PpA  0.1 7^9S0^7F  02  -0,?7ap4fe73P  02  -0.2l*qP509r  02  -0.H574277P  "3 


FREC  * C.25S99099f  C2 


C-* 


r cccs 


rOrp  voltaofs 


N Ac 

PM 


1- 


4 


0.2242? 507F-00 
-0.3976 J315F  r2 


0.22201 126F-00  0.7''?30fc0fcr  oi 

-0,46S67664fj  02  -0, 1 36073*5f  03 


VA(j  5-  fl  0.psn90^35F-or  O,A*A063P3f  00  0.224 J Bfl22F-00 

Pt~"  -0,?07pq7*3F  02  .0.45435550E  02  -0,399ifl63lF  02 


FPEC  s 0 • 5 1 1 99Q99F  02 


mA6 

pHA 

MG 

PhA 


^CCES  NOrE  VOLTAGES 

1-  A 0#l3q4A293r-nC  0#  l3«>40547f-00  0 n(ftf42677f  ol 
-C#«;2lCA6l3F  0?  „0,65142863E  02  „0. 1 s4B424Pp  03 

5-  8 0.1 91 90548F.n0  0,4101 5550E-00  0, 1 392*57?F.OO 
”0. M 54q30 IF  02  •O,Pl?29pO0E  02  -G.3?40379aF  02 


F&EC  s 0,1024POc0f  03 


MAG 

PHa 

mg 

pha 


NCCES  N'COE  VOLTAGES 

1-  4 0.79905955F-Ol  0,72?70?73E-01  0.92B1127SF  01 
-0.5230S7P9F  02  -0.77lb6746E  02  -0.16700297E  03 

5-  e C.1C409667F-OO  0,22 1 3*>733F-00  0.79*i4«iO3F-0i 
-0.70?t3936p  n?  -0.6«56«621e  02  .0,52«?65lAp  o 2 
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0.69947210F  01 
-0.13607369F  03 

0.70142188F  01 
«0,13607380f  03 


0,86293058?  01 
•0,1 5484241 F 03 

0.86533600F  01 
-0.15484245E  03 


0.92436763F  01 
0.16700295E  03 

0.92694430E  01 
0.16700296F  03 


C-  4 


f'Cr  I F V 

fr  Kf  Cl  F1  CValCC(4)98F3 
FXFClT'- 


FREC  s C.99°99999F  02 


K'CCES  kopf  voltages 


MAG 

l.  A 

O.fll 39A223F-01  Of7392l67AE-01 

0.O2701083F 

01 

PhA 

-0.*2513A01E  02  -0.76A501A3E  02 

-0.1 66691 B2F 

03 

MAG 

5-  8 

0.1072A716F-00  0.22631206F-00 

0.8 1 Of 5 1 80F" 

■01 

PhA 

-0.697927A1F  02  -0.6&A73229E  02 

-0.5302A033F 

02 

FREC 

» 0.39' 

599099F  03 

KCES 

NCOE  VOLTAGES 

MAG 

1-  A 

0.39229669F-C1  0. 1 *9 1 s9?sE-0 1 

O.P5OOO089F 

01 

PhA 

-O.26213CA0F  02  -P.07?8l66AE  02 

-0.1773A505F 

03 

MAG 

5-  P 

0.2766500AF-01  0.6 703A7A6E-01 

0.3q51A5l?F-01 

PhA 

-0.pfft0C2B5P  02  -0.56P80253F  02 

-0.267993570 

02 

FREC 

■ 0.16000O00E  0A 

F'CCES 

NOPE  VOLTAGES 

MAG 

1-  A 

C.3AA65667F-01  0 , A7297A22E-02 

0.95020253F 

01 

PHA 

-0.9663A780F  01  -0.91795272E  02 

0.17776?21F 

03 

MAG 

5-  8 

0.f9?03722F-02  0.37633502F-01 

0.33‘>SS870F' 

■01 

PhA 

"0.917A97C3F  02  -0.2A196A9AE  02 

-0.9051 AA27E 

01 

FREC 

• C.63999999r  OA 

fCOES 

fCOF  VOLTAGES 

MAG 

1-  A 

0.31*536*1^-01  0. U A»1 337E-02 

0.93O?Al3fr 

01 

PhA 

-r»l?15«-72SF  02  -O.10017P25F  03 

O.Ui>0?720F 

03 

MAC- 

5-  A 

0.  ] AO?i<A  1*0-02  0.3a?6365AF-01 

0.3?<-  A3337F-01 

pma 

-f  .10ifftfAlc  93  -O.UOhA793F  02 

-0,1 2 ?0*OA 

02 
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0.92327021E  01 
-0.16669179F  03 

0.92584382F  01 
-0.16669191E  03 


0.946l67«8F  01 
-0.1773A51QE  03 

0.99S60492F  01 
-0.17734507E  03 


0.9A63683AF  01 
0.17776698E  03 

0.9*90063*E 

0.17776714T  03 


0.92f*<J767F  Oi 
0.t6«0?626F  03 

0# 92q0 902 7F  01 
0 • 16802691 F 03 
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FREC 

= 0.25600nrCF  C5 

KCCES 

NOPE  VOLTAGES 

MAG 

PHa 

1“  4 

°*26234575E-01  0.22S83416E-03 

-0.34127139F  02  -O.J23A2528E  03 

0.7203U99E  01 
0.13«2209PE  03 

0.71740842E  01 
0.13921721E  03 

MAG 

PhA 

5-  8 

0.32793C23F-P3  0.2A58P344E-01 

-0.12996284?  03  -0.35200594E  02 

0.25F10354F-01 
-0.34132287F  02 

0.71940818E  01 
0.13921981F  03 

freg 

» 0.1024000CE  06 

NCDES 

NODE  VOLTAGES 

MAG 

PHA 

1-  4 

0.1C696340E-ol  0.23024236E-04 

-0.67406790E  02  -0.13726057E  03 

0.26466995E  01 
0. IO6O69S7E  03 

0.26360209E  01 
0.10605447F  03 

M4G  5-  8 0#3Oi62g22E-O4  0.10811292E-01  0»\0A437l9E"01  0.26433679E  01 

pHA  -0.160771^0^  03  -0.4795*i360E  02  -0.4738T446E  02  0.10606488E  03 


C-6 


mcoify 

FRECLEf^CYslonE3<2)«7F4 

F.XECLTfe 
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FREC  = n,99999<J99F  05 


NCCES  NOPE  VOLTAGES 


MAG 

PHa 

1- 

4 

0.10881639F-01  0,2398^025E-04 

-0.A7«;s2033E  02  -0.13743322F  03 

0.27051a24E  01 
O.1O643065E  03 

0.26942278E  01 
0.10642391F  03 

MAG 

PHA 

5- 

0 

O.310671O2F-O4  0. 1C999659E-01 

-0.U047467F  03  -0.40132172c  02 

0.10*24544E-01 
-0.47563134c  02 

0.27017372F 

0.10643407E 

01 

03 

FREC 

* Of 

2000CCCCfc  06 

MCCES 

NCOE  VOLTAGES 

MAG 

PHA 

1- 

4 

0.70534290F-P2  o#777574q0E-05 

-0.37341851F  02  -0.12725046E  03 

0.13955137E  01 
0.98261 l24p  02 

0.13898850E 

0.98231626E 

01 

02 

mag 

pha 

5- 

8 

O.P1746005F-05  0.71019799E-02 

-0.16559201c  03  -0#37«47707E  02 

0.68CB7670E-O2 
-0.37315493E  02 

0.13937577E 

0.98251960E 

01 

02 

FREC 

* 0. 

39999999F  06 

NCCES 

NCOE  VOLTAGES 

MAG 

pha 

1- 

4 

0.55p379»4F-O2  O.30787217E-05 

-0.23022410E  02  -0.U296797E  03 

0.70345215F  00 
0.O3A86945E  02 

0.70061835F 

0.93827954E 

00 

02 

MAG 

pha 

5- 

8 

O.20930562F-O5  0.55994792E-02 

-0.16393189F  03  -0.23394836E  02 

0.«!455O592F-02 
-0.230OO559F  02 

0.70256798E 

0.93868619F 

00 

02 

FREC 

= 0. 

79999999F  06 

MC^ES 

NCOE  VOLTAGES 

MAG 

pha 

1- 

4 

0.«;U19<,87F-02  0. U 1 775l?E-0s 

-O.125349O8F  02  -0.1C25O553E  03 

0.35?**077F-00 

0.9141375AE  02 

0.35103^S8F- 
0.91295 779E 

•00 

02 

MAG 

Pha 

5- 

8 

0 •5*'*>87259F-06  0.51463030F-02 

-0 . 1 55  l7l 54p  03  -0. 1 2749943c  02 

0.507*1 101F-02 
-0. 1 ?*'?i  jjOsp  02 

0.3520O936F-00 
0.91377103c  02 

C -7 
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FRE0.  = r.l6rr‘''"rrf-  n 


nchfs  l'crt  voltages 


MAO 

pha 

1 - A 

0»('0?AA7nlF“r2  O.A977U  ?0F-0<S 

-0.ap'*A3a5Pf  nl  -ri«f>fcBl9259P  02 

0.l7A7173lF-00 
0 • P 9*4 1 797p  02 

0.17562ARAF-00 
0.89A05923F  02 

v»0 

PHA 

5-  8 

r.liSABoPa^F-rf,  O.5025F713F.-02 
-C.13R91519F  r 3 -0 ,6<;A637A2f  01 

0.A9O9PA7pF-02 

-0,AP?7?206f  °1 

0.176l009AF-00 
0 ,895685 l 7p  02 

frlc 

= C.31' 

;99R'59P  07 

f.’COES 

NCOE  VOLTAGES 

MAG 

pha 

1-  A 

C./.993aC?aF-02  0.3AA21779F-06 

-O.A337Ppt7F  ol  -0.qa*30221E  02 

0.P31731AAF-01 
0.p7a9O5AAF  02 

0.87858329F-01 
0.87219385F  02 

MAG 

PhA 

5-  p 

O.A?  2A07A1F-O7  O.49<j37R?0F-02 

-0.n9fl6P73f  03  -O.A39AA973F  01 

0 • A ft  7q?4 1 1F-02 
-O.A3:»AA271f  01 

0.88073329E-01 
0.8754A1A2F  02 

frec 

= 0.63' 

9 99999F  C7 

KCCES 

NCOE  VOLTAGE? 

MAG 

PHA 

1<*  A 

O./.9PC,r.l0SF-O2  0,1716^8a7E-06 

-C.39pOM?3p  ol  -0.93976703E  02 

O.AA09A252F-01 
O.PA?nfl96PF  02 

0.A399210AF-01 
0.836512A3F  02 

MAG 

PHA 

5“  p 

0.?  7f,7l  loAF-07  O,A9fl07pA0E“02 
-O.10PU275P  03  -0,A0090102c  01 

O.Acf A7552F-02 
-0«*97flPp20r  01 

0.AAO6l0plE-0l 
0.SA297321F  02 

FREc 

= 0.12FPPPG or  03 

* COE? 

r oof  voltagf s 

MAG 

PHa 

1-  A 

O.AOfc7^579 F-r?  o#»s4,3n7A2E-07 
-C.559l77*lp  Ol  -0.95Sp<57AAF  02 

0,??0,^9Ronfr.0X 

0.7PP19R73F  0? 

0.22120B20F-01 
0.76980650F  02 

MAG 

PhA 

5-  n 

0.1  3‘>55l77r-07  O,a9P77792F-0? 

-C .9P7P73 1 2r  02  ..O.AftO ^00?9r  01 

0#aoAA33OoF«02 
-o.PPOOijOPpf  01 

0.22075325F-O1 
0.7824P870r  02 

f RFC  S n.?5'.nrrr,Cf  rp 


C -8 


'“CCES 


NOPE  VOLTAGE? 
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KAG  1-  4 0./,875fiC53F-P2  0.420l40fc9E-07  0. 1 1084730F-01  0.11298616E-01 

phA  -P.qq?)30692r  01  -0.99851977?  02  0.67758239^  02  0.64349214?  02 

^AG  5”  8 C'.6q3e?pfeftF-','q  0,4q75oll9F-02  0.476435°4F-02  0. 1 1 126426^-01 

PHA  -0,89?15167F  n2  -0,98602310?  01  i0. 98576353?  01  0,66680305?  02 


FREC  s 0,51199999?  08 


NODES  NOOE  VOLTAGES 

MAG  1-  4 0.45900360F-02  0. 1977*819E-07  0,??74?2*7F-02  0.60?4l 37 1F-02 

PHA  -0.18042608F  02  -0.l0q04l98E  03  0.47662676E  02  0.42508867E  02 

MAG  5-  g C.36012533F-08  0,45^0! 323F-02  0.440? 1 1 34F-02  0. 571 86734E-02 

PHA  -0.R3750853E  02  -0.1R046279E  02  -0.18042391?  02  0.45964981E  02 
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APPENDIX  D 

C FCAP.  JBV  704 ♦ A FlLIPPlNI*  CODE  2134*4.  X 470 
C DEMONSTRATION  AMPLIFIED 

C RLN  1»  2*5  JANUARY  1967 

C INITIAL  VCtTAGfS  DERIVED  FROM  DC  ANALYSIS  OUTPUT  DATA 

C 

TRANSIENT  ANALYSIS  0680 

c 

C THE  CIRCUIT  ELEMENTS 

Bi  N(1  *0) *Rs390E3 

B2  N (4  * 1 ) *Rs 100F3 

B3  N(4.0) »R*?.2F3 

B4  N(7.0» tPs47E3 

B5  N ( 5 • 3 I *P*47E  3 

R6  N (0*5) *Rb220«E»25 

B7  N (0  *6) «R« 1 0E3 

E7  (1 > »0»0*0»0.0*0»0»0.0.0»0»5E«1 

B8  N(6*l> *C»1E-6«E0*9.B514202 

B9  M4.1J  *Ca47E-12»E0»-2. 6274608 

B 10  N(2*0) •C»4.7F-6iE0=-9. 2714269 

C 

C 01 • 2N930 

Bll  N(1.7)*Ri2E3 

B12  N 17*2) »R« (22.4E3  * 10E6) *E*-0.55 

51  0*12  • ( 12 ) «0N 

Bl 3 N (7*2) *Rb( 10F6*2.54E3)  ♦E»-0,6l4 

52  R»13t (13) .OFF 

B14  N(7.2) *Re(lOF6,l) tEa-0.63 

53  R*14* (14) .OFF 

BIS  M 8 *2  > »Rs 100 

Bl6  N (8*3) *Ri < 2E6  * 1 ) 

54  P«  16  * (16) »OFF 

BIT  N(3*8)*R«2F6 

T1  B(U*17)  ,PFTA*220 

B18  N(l«3) *C«9F-12*E0«3. 3147158 

C 

C 0?  • 2N930 

B19  N (3*9) *Rs2E3 

020  M9.4)  *R«(22.4E3»10E6)  »£s-0*55 

55  P«20* (20) «0N 

B21  N (9*4) «R*(?.54E3»10E6) *E«-0,614 

56  Bs21 » (21 ) *rM 

P22  N(9*4)  »R«U*10E6)  *63-0*63 

57  Bs22« (22) «0N 

R23  N ( 10 *4 ) «R«1  Of) 

B24  N(10*5) *0»(2E6»1> 

SB  0a24* (24) .OFF 

B25  N(5»10) *R«?Eft 

T2  0(19*25) «PETa«170 

026  N(3*5) *Ca9E-l?«E0sl0. 5363160 

C 

TIME  STEP  * 10E-9 
OUTPUT  INTERVAL  » 1 00 
FINAL  TIME  > 20E-6 
PRINT.  VOLTAGES 
EXECUTE 


T ■ 0* 

0-1 
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NODES 

VOLTAGES 

1- 

4 

0.9P442  40-<E 

01 

0.9?7l4?6QF 

01 

O.13160963E 

02 

0.12473693E 

02 

5- 

A 

0,2369728>'E 

0? 

-0.51BCOC13F-02 

0.98442239E 

Cl 

0, 92939842E 

01 

9- 

in 

0. 131 03 n IE 

02 

0 • 1 296 1408F 

02 

T s 

0«  99999<56E-06 

NOOES 

voltages 

0.12387142E  02 

1-  4 

0.984fe4«2lE  01 

0.92714269E  01 

0, 1 1695328E 

02 

5-  A 

0«?37p.68l9E  02 

-0.49108267E-0? 

0.99A44465E  Ol 

0.929A1272E 

01 

9-  10 

C.12325349E  02 

0.12221736E  02 

T « 

0.1999999F-05 

NODES 

voltages 

1-  4 

0.984P2691E  01 

0.9271426AE  01 

0.11658645E  02 

0.10970663E 

02 

5-  8 

0.23»S4774E  02 

-0.3C914545E-02 

0.9846086*E  01 

0.92956724E 

01 

9-  10 

0*1 16OO602E  02 

0.11464603E  02 

T • 

0.2999997P-05 

NODES 

VOLTAGES 

1-  4 

0,984945086  01 

0.92714275E  Ol 

0.1 1 105766E  02 

0.10420665E 

02 

5-  8 

0,239061 20E  02 

-0.18Bl9*71E-02 

0.99471709E  Ol 

0, 92966845E 

01 

9-  10 

0,1 105Q683E  02 

0.10890192E  02 

T • 

0.3999994F-05 

NOOES 

voltages 

1 '•  4 

0,9B5nfi72HE  01 

0.92714275E  Ol 

0.10631614E  02 

0.99490780E 

Ol 

5-  8 

0.2395U91E  02 

-0.42974949E-03 

0.99484759E  Ol 

0.92979258E 

01 

9-  10 

0 • 10579094E  02 

0.10396P21E  02 

T . 

0.4999989F-05 

NODES 

VOLTAGES 

* 

1-  4 

0,9851 3377E  01 

0.92714275E  01 

P.10300975E  02 

0,96201 170E 

01 

5-  8 

0.239M78*E  02 

0.780P2C85E-04 

0.98489025E  01 

0.92983145E 

Ol 

9-  10 

0.1O250133E  02 

0.10053A36E  02 

T » 

0.59999R4F-05 

NOOES 

VOLTAGES 

1"  4 

0,98521 334E  01 

0.92714278F  01 

0.100364HE  02 

0.93569901E  01 

5-  8 

0.24C07225E  02 

0.9208917AF-03 

O.90496326E  01 

0.92990089E  0] 

9-  10 

0.99870047E  01 

0.97783*5^  01 

V 

D-2 


T s 
NODES 

O.ftsqog  • 5 

VOL T AGES 

USL  Tech  Meao 
No  2134.4-597-67 

1-  4 

0.9852261  6E 

01  0.92714275E  01 

P.984769A2E  Cl 

0.91691850F  01 

5-  A 
9-  10 

0.2402351 3E 
0.97991  }93E 

02  C.K905266F-0? 

01  0.9*8?A641F  01 

0.98497504E  Cl 

0.92991079E  Jl 

T s 

0.7999O72P-«'5 

NODES 

voltages 

1-  4 

0.9R5296O1E  01 

0.92714275F  01 

0.98207664E  Cl 

0.91425133E 

01 

5-  A 

0,24''?7sl9E  02 

0.1A339157E-0? 

0.98503914E  Ol 

0.92997351E 

01 

9-  10 

0.97725275E  01 

C.95540047E  01 

T * 

0.A999962F-05 

NODES 

VOLTAGES 

1-  4 

0.96529541E  01 

0.9271427RF  01 

0.98208122E  Cl 

0.91425570E 

01 

5-  A 

0.24027542E  02 

0 • 1 a77658  7F-07 

0.98503858E  Ol 

0.92997321E 

01 

9-  10 

0.97725712E  01 

0.95540506E  01 

T • 

0.99999S1F-O5 

NODES 

VOLTAGFS 

1-  4 

0.9BS17/S43E  01 

0.92714275E  Ol 

0.98219490E  Ol 

0.91434628E 

01 

5-  A 

0.24O24S97E  07 

0.7770574SE-03 

0.98492941E  Ol 

0.92986539E 

01 

9-  10 

0,97734  770E  01 

C.95569771E  Ol 

T s 

0. 1C99994F-C4 

NODES 

VOLTAGES 

1-  4 

0.98S18203E 

01 

0.92714275F 

01 

O.98263016E 

Ol 

0.91477937E 

Ol 

5-  A 

0.24024101E 

02 

0.87602773F' 

-03 

0.98493453E 

01 

0.929A7059E 

01 

9-  10 

0.97778079E 

01 

0.95614742E 

01 

T ■ 

0.1 199993F-04 

NODES 

voltages 

1-  4 

0.9A517635E  01 

0.92714775F  Ol 

0.98220482E  Cl 

0.91435602E 

01 

5-  A 

0.24P2452-t  02 

0.P1S9875OE-03 

0.98492933E  OJ 

0.929A6543F 

01 

9-  10 

0.97735743E  01 

0.9557028OE  01 

T a 

0.  1299992F-;?4 

NODES 

voltages 

1-  4 

0,95K74‘,83t  01 

0,9?71477«?E  Oi 

0.9 7993 A A9F  01 

0.91211402F 

01 

5-  A 

0,24^280#,  1£  U? 

0.156fiSe64E-02 

0.984995A4E  01 

0.92993093E 

01 

9-  10 

C • 97t;  1 1444E;  ol 

0.953761  64F  01 

0-3 
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T > 

0*1 39999 IF-G4 

NODES 

voi tages 

1«  4 

0.99M8B93E  01 

0 ,927142736  01 

O.9704O538E  01 

0.91037754E 

01 

5-  8 

0*2402821 3E  02 

0.10335445E-02 

0.98494089E  01 

0.92987610E 

01 

9-  in 

0,9?3«,7*96E  01 

0 *95 174989E  01 

T a 

0.1499990F-04 

NODES 

VOLTAGES 

1.  4 

0.98531S05E  01 

0.92714278F  Ol 

0.97554855E  Ol 

0.90775874E 

01 

5-  8 

0.24033691E  02 

0.23413P97E-02 

0.96505661E  Cl 

0*9299901 IE 

01 

9-  in 

0.97076014E  01 

0.94860803E  Ol 

T * 

0.1599989F-04 

NODES 

voltages 

l-  4 

0.98527297E  01 

0.92714273E  Ol 

0.97127303E  Ol 

0,9034953lE 

01 

3-  8 

0.24036369E  02 

0,19689798E»02 

0.98501800E  Ol 

0*92995153E 

01 

9-  in 

G.96649669E  01 

0.94424463E  Ol 

T a 

0.1699988F-04 

NODES 

VOLTAGES 

1—  4 

0.98528096E  01 

0.9271427SE  Ol 

0.96832645E  Ol 

0.90076334E 

01 

5*  8 

0.2403907CE  02 

0.2C977259E-02 

O.905O2535E  Ol 

0.92995859E 

Ol 

9*  10 

0.96376473E  01 

0.9413867AE  01 

T a 

0.1799987F-04 

NODES 

voltages 

1“  4 

0.98533887E  nl 

0.92714273E  Ol 

0.96773224E  Cl 

0.89998522E 

01 

5-  8 

0.24041221E  02 

0*27261  972E**02 

0.98307846E  Ol 

0,93001 106E 

Ol 

9-  10 

0*962986616  01 

0.9A047S40E  01 

T a 

0.1S99986F-C4 

NODES 

voltages 

1-  4 

0.98328350E  01 

0.92714273E  Ol 

0.96769103E  Ol 

0.89993218E  01 

5*  8 

0*240397956  02 

0*222241886-0? 

0.935027676  Ol 

0,929960896  01 

9-  10 

0*962933566  Ol 

0.940517C7F  Ol 

T a 

0* 199998 5 F-04 

NODES 

>,01  tagfs 

1-  4 

0,983?2fr53E  01 

0.9271427SF  Ol 

0.'56807212E  Ol 

0.900299766 

01 

5-  8 

0.24O37903E  02 

0. 17024?7<JF-0? 

O.90497538E  Cl 

0,929909216 

01 

9-  10  0»9fe?30l  1 bfc  01  0.9<t099P81E  01 
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0.2C009H4F-C4 


VCLTAGFS 

0.9P*?8qS1E  01  0.92714275F  01 
0»2<*0391  6f>E  02  0.23356676F-02 
0.9A336/9ftE  01  0.9«097313F  01 


O.9681202OE  01 
0.98503346E  01 


0.90036649E  01 
0.92996643E  01 


D “S’ 
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APPENDIX  E 

Outline  of  this  Memorandum 

I INTRODUCTION 

A.  Contents  of  Memo 

B.  Purpose  of  Memo 

II  SECTION  I:  PROGRAM  DESCRIPTION 

A.  Purpose  of  ECAP 

B.  Three  Programs  in  One 

1.  X Analysis  Program 

2.  AC  Analysis  Program 

3.  Transient  Analysis  Program 

C.  Usefullnes8  of  ECAP 

III  SECTION  II s PROGRAMMING  SOFTWARE 

A 

A.  Two  Forms  are  used 

1.  Production  Request 

2.  Fortran  Coding  Form 

B.  Punch  Cards  Used 

1.  Time  Cards 

2.  Comment  Cards 

a.  Line  Spaces,  etc. 

b.  Identification  Cards 

3.  Command  Cards 

a.  AC  Analysis  Card 

b.  X Analysis  Card 

c.  Transient  Analysis  Card 

d.  Execute  Card 

e.  Modify  Card 

4.  Data  Cards 

a.  The  Standard  Brach 

b.  B-Cards 

c.  T-Cards 

d.  M-Cards 

e.  S -Cards 

f.  Source  Cards 

(1)  Non-Periodic 

(2)  Periodic 

(3)  Sinusoidal 
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g.  Use  of  Data  Cards 

h.  Continuation  Cards 

i.  Limitations  on  Data  Cards 

j.  Maximum:  50  Nodes 

k.  Modified  Data  Cards 

5.  Solution  Control  Cards 

a.  For  AC  Analysis 

(1)  Frequency  Card 

(2)  Modified  Frequency  Card 

b.  For  DC  Analysis 

(1)  Sensitivity  Card 

(2)  Worst  Case  Card 

(3)  Standard  Deviation  Card 

c.  For  Transient  Analysis 

(1)  Time  Step  Card 

(2)  Output  Interval  Card 

(3)  Initial  Time  Card 

(4)  Final  Time  Card 

( 5)  Equilibrium  Card 

(6)  Short  Card 

(7)  Open  Card 

(8)  1 Error  Card 

(9)  2 Error  Card 

(10)  3 Error  Card 

6.  Output  Specification  Cards 

a.  For  AC  and  DC  Analysis 

(1)  Print  Node  Voltages 

(2)  Print  Element  Voltages 

(3)  Print  Branch  Voltages 

(4)  Print  Element  Currents 

(5)  Print  Branch  Currents 

(6)  Print  Element  Power  Dissipations 

(7)  Print  Miscellaneous  Outputs 

b.  For  Transient  Analysis 

(1)  Print  Node  Voltages 

(2)  Print  Element  Currents 

IV  SECTION  III:  COMPUTING  PROCEDURE 

A.  Recommended  Procedure 

B.  Demonstrate  Prooedure 

1.  DC  Bias  Point  Analysis 

a.  Draw  DC  Diagram 

b.  Model  Non-Linear  Devices 

c.  Document  ECAP  Data 

d.  Assist  Computer  Center  Personnel 
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(1)  Have  Cards  Punched 

(2)  Assemble  Card  Deck 

(3)  Fill  In  Production  Log 

(4)  Submit  Data  Cards 

(5)  Retrieve  Output  Data 

2.  DC  Worst  Case  Analysis 

3.  AC  Analysis  (Frequency  Response) 

4.  Transient  Analysis  (Step  Response) 

V SUMMARY 

A.  Restate  Purpose  of  Memo 

B.  Restate  Purpose  of  ECAP 

VI  REFERENCES 

VII  FIGURES 


VIII  APPENDICES 


